PV iIs On —
When the Power i1s QOut

National Association of Regulatory Utility Commissioners
Committee on Energy Resour ces and the Environment
2000 Annual Convention

Christy Herig, NREL-NCPV
christy herig@nrel.gov

(303)384-6546
San Diego, CA
November 12, 2000



Power Outages
PV Availability---as % of Ideal Output

L.lI. Jul. 3-8
110,000 customers
PV = 82% of ideal

NYC Jul. 6-7
68,000 customers
PV = 93% of ideal

N.J. Jul. 5-8
112,000 customers
PV = 91% of ideal

San Francisco June 14, 2000
100,000 customers
PV = 99% of ideal

Entergy Serv. Jul. 23
550,000 customers
PV = 90% of ideal

Delaware Jul. 6
138,000 customers
PV = 91% of ideal

Chicago Jul. 30 — Aug. 1
1,000,000 customers
PV = 90% of ideal




The Customer’s Choice??

24hours7days
99.9 8hours 46 minutes
99.99 53 minutes
99.999 5 minutes
99.9999 32 seconds

99.99999 3 seconds



Capacity Margins Diminishing
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Source: National Energy Reliability Council,

»N=! Reliability Assessment 1999-2008,
e ftp://lwww.nerc.com/pub/sys/all_updl/docs/pubs/99ras.pdf
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Driving into a wall?

Natural G as Price Forecast - Albherta Boarder Spot
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Natural Gas Prices Are Above the Typical
Range for the Past 2 Years
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Herig, Perez & Letendre, UPEX-2000
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Forecasted Regional Capacity

Margins
2008 Summer

Source: National Energy Reliability Council,

— | Reliability Assessment 1999-2008,
ftp://lwww.nerc.com/pub/sys/all_updl/docs/pubs/99ras.pdf



PV Has Capacity Value

Utility-Wide PV Effective Capacity End-Use PV Effective Capacity

1988-1995

Average | Standard
ELCC Deviation

(%) (%)
Offices (no electric heat) 66% 0.12
Residences 39% 0.39
Hospitals 63% 0.11
Airports 33% 0.13

Offices (electric heat) 30% 0.05




Capacity and Energy

Using Small Commercial TOU Tarriffs

Break-Even Turnkey Cost (BTC) per Kilowatt
These figures are based on a two-axis tracking FV system. A fixed-tilt
PV system reduces the BTC by roughly $1000/kW at the high end
and $500/kW at the low end.
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Energy Prices ($/kWh)

ThereareProfile Control Options
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PV Market Actual
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@ US Off-Grid Residential
W World Off-Grid Rural

[0 PV/Diesal Commcl

] Grid-Connected

Res/Comcl
Bl Central Plant (>100kW)

Source: PV Technology, Performance, Manufacturing cost & Markets.Forecast
to 2010, Paul Maycock
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PV Market (Actual /Forecast)
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PV Product Supply
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World Cell/M odule Production
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Source for baseline: PV Technology, Performance, Manufacturing cost &
Markets:Forecast to 2010, Paul Maycock




Volume Purchase w/Time
Commitments

SMUD PV Pioneer Costs

Total Installed Cost,
$/kW
Energy Cost, 30yr, c/kWh
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1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
YEAR




Is There a Business Opportunity
for Energy Service Providers?

Consumer’s average levelized cost of

Uninterruptible Power Supply 40¢/kKWh
Add PV modules 10¢/kWh
Retail value 50¢/kWh

Utility costs and benefits during summer mid-day peaks?



Technology Alignment isthe Key
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Beta Version

A Distributed Resource Planning Tool
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Download at: www.PacificEnergy.com



Utility DG Benefits

$KW

B Energy
OGeneration

B Transmission
UDistribution
UOther

B | osses
OExter nalities

0
APS COA PG&ESMUD SRP
$3,390 $1,297 $2,558 $2,725 $2,629 Break-even




High Value Applications

T & D constraints

« Rural, low customer density, old grid infrastructure
 Urban, underground, high customer density, built-out
* Remote, difficult T& D access or maintenance

e Low load growth



Conclusions

 Value depends on the benefits exploited

« Technology/industry alignment is the key

 Policy can join the value streams of varying ownership
scenarios

* Inthe short term PV isacustomer solution (DSM), but

Reportson Risk and Microgrids may be obtained off the web
at http://www.clean-ener gy.com

QuickScreen software may be obtained at
http://www.pacificener gy.com



Next Steps

e Least Cost or IRP for the TDU, DisCo, ??

— G,T&D deferral, energy, demand, line loss
— Ancilary services

— Voltage support

— Option value (lead time)

— Size flexibility

— Location flexibility

— Fuel diversity

— Environmental value

» Reqgulators/State,Regional&lLocal Governments Beyond
Deregulation?
— Essential Energy Services

— Infrastructure Planning for Growth Management and Economic
Development
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